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Objective: To determine the metabolic response associate with dengue infection based
on human gender metabolic differences by means of 1H NMR-spectrometry.
Methods: The mid-stream urine collected from both male and female patients diagnosed
with dengue fever at Penang General Hospital and fourty-three healthy individuals were
analyzed with 1H NMR spectroscopy, followed by chemometric multivariate analysis.
NMR signals which highlighted in the OPLS-DA S-plot were further selected and
identiﬁed using Human Metabolome Database, Chenomx Proﬁler.
Results: The results pointed out that NMR urine proﬁling was able to capture human
gender metabolic differences that are important for the distinction of classes of in-
dividuals of similar physiological conditions; infected with dengue. Distinct differences
between dengue infected patients versus healthy individuals and subtle differences in
male versus female infected with dengue were found to be related to the metabolism of
amino acid and tricarboxylic acid intermediates cycle.
Conclusions: The 1H NMR metabolomic investigation combined with appropriate al-
gorithms and pattern recognition procedures, gave an evidence for the existence of
distinct metabolic differentiation of individuals, according to their gender, modulates with
the infection risk.1. Introduction
Gender differences are of interest from a variety of per-
spectives and have been the focus of a number of studies for
many years. Females and males are also known to have different
abilities for managing diseases. For instance, the pulmonary
scientiﬁc community is exploring how gender may impact the
diagnosis, treatment and surveillances of chronic obstructive
pulmonary disease [1]. The impact of gender differences in the
prevalence, manifestation and management of cardiovascular
diseases have been widely studied [2]. In infectious diseases,
sex-speciﬁc pattern were seen in cutaneous leishmaniasis,tuberculosis, leprosy, leptospirosis and schistosomiasis [3].
Taking such differences between male and female into
account, it is possible to improve the understanding of the
epidemiology and the clinical outcome of the diseases.
Most of the reported metabolite proﬁling studies of gender
have relied on 1H NMR spectroscopy. NMR based metabolite
proﬁling has had success in characterizing gender differences
due to its ability to measure close to hundreds metabolites in a
single analysis of the biological sample [4]. Method of choice
performed in characterizing gender differences in dengue-
infected patients is a combination of 1H NMR spectroscopy
with spectral binning (0.04 ppm width) together with pattern
recognition tools principle component analysis (PCA) and
orthogonal partial least square-discriminant analysis (OPLS-
DA). The P-values for the individual metabolites were deter-
mined based on the normalized metabolites quantities using the
Shapiro–Wilk test analysis. Metabolites showing Mann Whitney
U test P-values smaller than 0.05 were considered to be statis-
tically different between the female and male groups (IBM SPSS
Statistic 20).en access article under the CC BY-NC-ND
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2.1. Equipments
All one-dimensional 1H NMR spectra of the urine samples
was acquired on AVANCE Ⅲ 500 MHz Bruker spectrometer
with BBO broadband probe using TSP (d 0.00 ppm) as an in-
ternal standard and D2O as the frequency lock at 300 K. The
pulse sequence used included an excitation sculpting routine for
the suppression of the water signal [5].
2.2. Biological samples
Sample size is calculated according to the yearly report
published by Rancangan Kawalan Penyakit Bawaan Vektor,
Penang by using the Power and Sample Size Program (http://
www.kck.usm.my/ppsg/stats_resources.htm).
Ninety-six patients were successfully collected from Penang
General Hospital, Penang from February to July 2011. However
only ﬁfty-two patients were serologically conﬁrmed infected
with dengue fever, another forty-four patients were IgM nega-
tive indicating non-dengue fever. Fifty healthy volunteer in-
dividuals were self-identiﬁed as healthy without major illnesses,
recruited from Pangsapuri Pauh Damai and Taman Pauh, Bukit
Mertajam, Penang, Malaysia. However, after initial screening
with principle component analysis and consultation of the urine
samples revealed the presence of precipitation/cellular debris in
seven samples, resulted only 43 samples of healthy individual
were valid to be used for further analysis.
Inclusion criteria include all dengue-infected patients and
healthy individual who had voluntarily agreed to participate in
this study. While exclusion criteria include: menstruated girls;
persons who already had or recently had any medical conditions;
persons with a recent history of drug or alcohol abuse; pregnant
women; persons who have taken any medication; persons who
have the genetic or/and auto-immune disease background.
Fifty-two urine samples were collected from patients whom
have been serologically conﬁrmed with dengue infection and
forty-three urine samples were collected from healthy in-
dividuals whom have self-identiﬁed as healthy without major
illnesses and fulﬁll the listed inclusion and exclusion criteria. All
the samples were collected in the urine container by the subjects.
Subjects were asked to ﬁll in the container until half of the
container via mid-stream method. All the urine samples were
collected in the morning from 09:00 to 11:00 am.
2.3. Chemicals
All chemicals used in this research were of analytical grade
and purchased from Sigma–Aldrich (Steinheim, Germany) and
Merck (Darmstadt, Germany).
2.4. Methods
Permission to perform this research has been approved by
Medical Review and Ethics Committee, Ministry of Health
Malaysia (Protocol No.: NMRR-10-297-5392). Signed informed
consent was obtained from each volunteered patients and healthy
individual after a full explanation of the study is provided. All data
has been handled conﬁdentially and anonymously.2.5. Sample preparation
Urine samples were collected from both male and female in
urine containers separately and kept in the cold box prior to be
processed. Samples were centrifuged at 1 500 × g for ten
minutes to remove any cellular debris. One milliliter of urine
aliquots were transferred to 1.5 mL microtubes. The aliquots
were stored −80 C prior to NMR spectrometry [5].
To prepare samples for NMR, 540 mL aliquot of urine
samples were added with 60 mL of 1.5 M potassium phosphate
buffer (pH 7.4) in D2O containing 0.1 percent of TSP as fre-
quency reference prior to analysis and 2 mM sodium azide as
bacteriostatic reagent. Six hundreds microliters of the mixture
was transferred to ﬁve millimeter NMR tube prior to be analyzed
by proton NMR [5].2.6. NMR ﬁle processing
Proton NMR spectra of urine samples from the subjects were
recorded followed by chemometric multivariate analysis. The
proton NMR spectra were extracted from d 0.00 to d 10.00 and
expanded to aliphatic region from d 0.00-d 4.70 as most of the
metabolites in this study were found within this region. Pre-
saturation (pre-sat) method was applied for the suppression of
the water signal (d 4.69 ppm-d 4.97 ppm). The NMR spectra
were binned to 0.04 ppm and scaled with Pareto scaling prior to
chemometric analysis.2.7. Chemometric analysis
2.7.1. Data reduction
The resulting spectra were manually phased and baseline
corrected and reduced to ASCII ﬁle using Chenomx software
(version 5.1, Alberta, Canada). For each spectrum, the spectral
region d 0.52–d 10.00 was binned into regions of 0.04 ppm
width giving a total of 238 integrated regions per NMR
spectrum. The signals of d 4.69–d 4.97 were excised from the
analysis, mainly to eliminate variation in water suppression
efﬁciency peaks. The averaged signals of binned 1H NMR
data from each sub-sample group were subjected to PCA and
Orthogonal Partial Least Square-Discriminant Analysis
(OPLS-DA). PCA and OPLS-DA were performed by SIMCA-
P+ version 12.0.1.0 (Umetrics AB, Umeå, Sweden).
2.7.2. Pattern recognition (Multivariate analysis)
The datasets were arranged in such a way that the rows of
each data matrix represent the subjects and the columns repre-
sent chemical shift (variable). The size of the data set for urine
samples was 137 × 188. The NMR data was statistically justiﬁed
using both unsupervised and supervised multivariate analysis i.e.
PCA and OPLS-DA, respectively with SIMCA-P+ software
(Version 12.0.1.0, Umetrics, Umeå, Sweden) using Pareto
scaling method. OPLS-DA S-plot was used to propose potential
multibiomarkers (SIMCA-P + Version 12.0.1.0). Different data
preprocessing algorithms such as normalization and standard
normal variate (SNV) were applied on dengue infected subjects
versus healthy control and in dengue infected gender differ-
ences, respectively (Version 12.0.1.0, Umetrics, Umeå,
Sweden).
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Indication of signiﬁcance (P < 0.05) were based on results
obtained from nonparametric univariate statistical analysis;
Mann Whitney U test after normality was assessed using Sha-
piro–Wilk test analysis. The statistical analysis software SPSS
version 20 (IBM SPSS Statistic 20) was used in this analysis.
3. Results
3.1. Differences in total metabolic proﬁles
To classify the gender differences in dengue-infected pa-
tients, 1H NMR data of 52 urine samples (female, n = 13 and
male, n = 39) were independently aligned and pretreated with
SNV algorithms, and used to build two separate data matrices.
The data were then subjected to univariate analysis followed
with MVA including PCA and OPLS-DA.
3.2. PCA
PCA score plot for the 1H NMR spectra of the urine bioﬂuid
for the gender differences is presented in Figure 1. The score
plot displayed ﬁrst two of its principle components. The PCAFigure 1. PCA loadings (up) and scores (below) plot showing the variation
females). This PCA model was constructed from spectra of 1H NMR after pre-tr
(female, n = 13 and male, n = 39). R2X for the model = 0.4235.was pre-treated with Standard Normal Variate (SNV) to remove
the scatter. The PCA performed, however, did not discriminate
excipients (male vs. female) very well. Three observations fell
outside the Hotelling's T 95% conﬁdence ellipse, indicating that
there were no signiﬁcant outliers. Visual inspection of the PCA
score plot in Figure 1 showed that most of the excipients were
clustered on the left part of the plot, and some were scattered
widely on the right part of the plot, indicating the intervariation
was relatively high among the samples, due to the genetic factor
differences among individual [6]. In humans, these inter-
individual differences in metabolism are of substantial biolog-
ical importance as they might underlie susceptibility to several
diseases [6].
3.3. OPLS-DA
The supervised clustering method OPLS-DA was carried out
to enhance the poor separation obtained with the PCA model. A
better separation between male and female dengue-infected pa-
tients was attained after applying with OPLS-DA method. As
shown in Figure 2, revealed some class distinction with male
samples tended to scattered extensively at the left part of the
plot, whereas female samples were at the right part. The modelbetween urinary metabolic proﬁles of dengue-infected patients (males vs.
eating with SNV. It was constructed from 52 patients with dengue infection
Figure 2. OPLS-DA scores plot showing the variation between urinary metabolic proﬁles of the male vs. female dengue-infected patients. This model was
constructed from 1H NMR data of urine from 52 dengue-infected patients (female, n = 13 and male, n = 39). Black square = male individual infected with
dengue and red circle = female individual infected with dengue. The statistical parameters of the model were as follows R2Y = 0.5560 and
Q2 (cum) = 0.0767. The ellipse is a 95% Hotelling's T2 ellipse.
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(R2) Y of 0.556 0 and a goodness of ﬁt (Q2) of 0.076 7. This
model diagnostic revealed poorer results. Large differences in
the values of R2 and Q2 suggest that some observations have
undue inﬂuence on the OPLS-DA plot. Moreover, the larger
difference between R2 and Q2, may be an indication of an
overﬁtted model. This might be caused by a few scattered out-
liers which could be seen in the model. To add, the widely
scattered plot also could contribute to this obtained poor result.
For the future studies, it suggested to increase the number of
samples of analysis to overcome this problem.
Visualization of metabolites using S-plot of the OPLS-DA
was carried out to identify potential metabolites that are
responsible for the discrimination showed in OPLS-DA score
plot. S-plot shows potentially signiﬁcant metabolites based on
contributions and reliability to the separation observed by
OPLS-DA. Metabolites that are distant away from the origin and
close to the vertical axis of S-plot showed in Figure 3 are
responsible for the exhibited separation in OPLS-DA score plot
(Figure 2). Determination of those potentially inﬂuenced me-
tabolites towards the separation in OPLS-DA models were
selected based on the variable importance of projection (VIP)
values exceeding 1.0 as point of cut off and have the signiﬁcance
of P < 0.05 after analysis with Mann Whitney U test.Figure 3. Representative OPLS-DA S-plot showing relative contribution of bin
point in the ﬁgure represents a bin. The p[1] axis represents the magnitude of
decreased in the male individuals infected with dengue. Bins from region circle
with dengue. Among them, bins with high p(corr)[1] <−0.2 for increased and >0
and P < 0.05 are selected for metabolite identiﬁcation.3.4. Metabolite identiﬁcation
The total number of metabolites has been cut down, listed in
Table 1 was based on the values of VIP>1 and P < 0.05 (Mann
Whitney U test). These metabolites could be suggested as
possible metabolites to distinguish between male and female
individual infected with dengue disease.
There were seven metabolites that caught our interest.
However, only ﬁve metabolites were showing signiﬁcant signals
identiﬁed from the 1H NMR. The spectra contained numerous
signals from the following small molecules were as in Table 1.
The assignments were made based on the Human Metabolome
Database and Chenomx Proﬁler (Chenomx NMR Suite 7.5).
The loadings that were the most inﬂuential in the separation
of genders were situated around d 6.88 (acetaminophen;
P = 0.007), d 3.56 (glycine; P = 0.044), d 3.24 (betaine;
P = 0.007), d 4.04 (creatinine; P = 0.101), d 3.04 (creatine
phosphate; P = 0.120), d 2.92 (N-methylhydantoin; P = 0.008)
and d 2.36 (3-hydroxybutyrate; P = 0.027). N-methylhydantoin
is the product of creatinine by creatinine deimination [7]. Due to
this reason, creatinine and creatine phosphate have been selected
for this gender comparison study, regardless of their P > 0.05 as
creatinine and creatine phosphate may be a potential biomarkers
presented in the dengue infected patient.s to clustering of dengue-infected individuals and healthy individuals. Each
the spectral bins. Bins from region circled in red represents the bins that
d in black represents the bins that increased in the male individuals infected
.2 for decreased, high p[1] and VIP values exceeding 1.0 as point of cut off
Table 1
OPLS-DA model bins selected for assignment of urinary metabolites
perturbed in the male dengue infected compared to female dengue
infected.
Metabolites Chemical
shift (ppm)
Differences Signiﬁcance P
(Mann Whitney
U test)
Acetaminophen 6.88 [ 0.007
aCreatinine 4.04 [ 0.101
Betaine 3.24 [ 0.007
aCreatine phosphate 3.04 [ 0.120
N-methylhydantoin 2.92 [ 0.008
Glycine 3.56 Y 0.044
3-hydroxybutyrate 2.36 Y 0.027
[Increase, YDecrease. The metabolites were signiﬁcantly different at
P < 0.05 after normality was assessed using Shapiro–Wilk test analysis.
a Creatinine and creatine phosphate have been selected for this
assignment due to their pathway relation with N-methylhydantoin.
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The 1H NMR metabolomic investigation presented in this
work, combined with SNV algorithms and pattern recognitions
procedures including unsupervised PCA and supervised OPLS-
DA, gave an evidence for the existence of metabolic differen-
tiation of individuals, according to their gender when infected
dengue.
Among seven candidate markers obtained, three compounds
(creatinine, creatine phosphate and betaine) are of particular
interest as they involve in important metabolic pathway and
presented in the dengue infected individuals as explained in our
previous research, except glycine, N-methylhydantoin and 3-
hydroxybutyrate. The remaining metabolite, acetaminophen,
was likely originated from drug. At present, we did not inves-
tigate the details of those found metabolites.
As creatinine is the breakdown product of creatine phosphate,
a phosphorylated creatine molecule in muscle. Follow by, con-
version of creatinine by creatinine iminohydrolase produces N-
methylhydantoin [8]. Therefore, it is reasonable to expect that
since males have higher muscle mass than females, the
excretion of creatinine is higher in male urine. As anticipated,
the urinary excretion of creatinine, creatine phosphate and N-
methylhydantoin, are greater in urine from males than from
females. The natural difference in muscle mass between
genders is usually considered a major reason for the difference
in the creatinine/creatine circulation levels found in many
studies [9]. Therefore, the presence of higher creatinine/creatine
and N-methylhydantoin in the urine samples could be an
indicator of male samples which might be infected with
dengue disease.
From the observations, the male group excreted less glycine
than in female group. After glycine is formed, it will be con-
verted to creatinine and creatine via a few steps in tissues. We
found an increment in creatinine and its phosphorylated creatine,
indicates that males either have a relative weaker mechanism in
glycine biosynthesis or have a stronger mechanism in converting
the glycine to creatine as compared to females. Glycine-
producing enzymes are regulated by sex hormones which
would inﬂuence the excretion of glycine in men versus females.
It has been shown that the administration of testosterone pro-
pionate to male rats caused the increasing of L-arginine:glycine
amidinotransferase, an enzyme that catalyses the transfer of anamidino group from L-arginine to glycine [10]. The same enzyme
also had been shown to be repressibled by its end-product,
creatine. This might answer our ﬁnding of less glycine pro-
duction in men versus females. To add, the concentration of
glycine was found less in males compared in females after the
linear regression analysis [11]. Glycine also found more abundant
in Chinese women than in Chinese men [4]. However, our
ﬁnding is inconsistent with the other two previous ﬁndings.
Urinary glycine was found less abundant in women from
Greece [12] and unchanged between women and men studied
in Switzerland [9]. Therefore, glycine may not be a universal
gender-speciﬁc due to these contradictions.
Betaine is a bodily requirement and is actively accumulate in
many mammalian tissues. Betaine serves as organic osmolytes
and also as methyl donor in one carbon metabolism. Betaine
works as a substrate to betaine-homocysteine methyltransferase
(BHMT), mediates the transfer of a methyl group from betaine
to homocysteine, forming methionine and N, N-dimethylglycine
[13,14]. Expression and activity of BHMT is inﬂuenced by
various hormones related to gender-speciﬁc [15] and there is a
gender difference in plasma levels in humans [16]. In our
study, urinary betaine has been found more abundant in male
subjects than in female subjects. Betaine in plasma and all
tissues analyzed (heart, lung, liver, kidney, spleen, intestine,
skeletal muscle, skin, reproductive tissues of males and female
rats and brain) demonstrated a higher betaine content in male
rats [17]. Elevation of urinary betaine excretion is an indication
of patients with diabetes mellitus [18]. There were episodes of
case studies indicating patients with co-morbidity risk factors,
particularly diabetes are more prone to development of dengue
severity, dengue hemorrhagic fever [19]. These risk factors can
be used to guide triaging of patients who require closer
clinical monitoring and early hospitalization, when conﬁrmed
infected with dengue disease. Therefore, urinary betaine
content may be a possible candidate marker for the indication
of gender-speciﬁc infected with dengue disease, as an alarm
before the progression to dengue hemorrhagic fever.
3-hydroxybutyrate showed lower levels in the urines ob-
tained from male dengue-infected individuals compared from
female dengue-infected individuals. Increased of 3-
hydroxybutyrate roles as TCA cycle intermediate has been
observed in females associated with ketosis [20]. 3-
hydroxybutyrate is produced primarily by liver during oxida-
tion of fatty acid. Therefore, the depletion of 3-hydroxybutyrate
may be an indication of impaired liver function as occurred in
mice infected with Schistosoma mansoni [21]. The presence of 3-
hydroxybutyrate and acetoacetate response to severe glucose
depletion and reduced of ATP levels [22]. It has been observed
an alteration in the utilization of renal carbohydrate sources by
the mitochondria due to the depletion of 3-hydroxybutyrate in
Schistosoma mansoni infected mice. Even though liver
dysfunction in dengue-infected individuals is uncommon, pres-
ence of hepatomegaly which may lead to metabolic disorder, has
become a clinical evidence of liver involvement in dengue in-
fections. Hepatomegaly is frequent and is commoner in patients
with DHF than in those with dengue fever [23]. However, the
ﬁndings was in contra with other study done previously; no
gender-speciﬁc due to 3-hydroxybutyrate [24]. Hence, further
studies to investigate gender-speciﬁc of 3-hydroxybutyrate in
infectious diseases are needed.
The 1H NMR metabolomic investigation presented in this
work, combined with appropriate algorithms and pattern
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distinct metabolic differentiation of individuals, according to
their gender, modulates with the infection risk. The bio-
molecules observed to be different include N-methylhydantoin,
creatinine, creatine phosphate, glycine, betaine, 3-
hydroxybutyrate. Creatinine, creatine phosphate and betaine
are presented in the dengue infected individuals and involve in
the same pathway with glycine and N-methylhydantoin. Mean-
while, 3-hydroxybutyrate was involved in the metabolism
related with acetoacetic acid which appears in the dengue
infected individuals. Even tough, these studies determined only
a small number of metabolites, due to small number in sample
size; our ﬁndings had shed light on sex-speciﬁc architecture of
the human metabolome and provide clues on biochemical
mechanisms that might explain observed differences in suscep-
tibility and time course of the development of dengue diseases in
males and females. The results presented here have a high po-
tential to address an individual susceptibility as early markers to
the disease for better patient-management, used selectively
depending on sex.
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